C
ancer of the corpus uteri is the most common invasive gynecologic cancer occurring in women in the U.S., with an age-adjusted incidence rate of 21.3 per 100,000 and an age-adjusted mortality rate of 3.4 per 100,000. 1 Of particular interest are the incidence and mortality trends for this cancer, namely, that incidence is higher among white women but mortality is higher among black women. Between 1988 and 1992, the age-adjusted incidence rate per 100,000 for white women was 22.3, as compared with 14.8 for black women. However, during the same time period, the age-adjusted mortality rate per 100,000 for black women was 6.0, compared with 3.2 for white women. In addition, between 1986 and 1991 the 5-year relative survival rate for white women was 85%, but it was only 55.6% for black women. 1 Several prognostic factors have been explored to assess whether differences in the distribution of these factors between black and white women can explain the survival discrepancy. Compared with white women, black women have poorer survival at age 65 years or older, 1 have more advanced stage disease when diagnosed, [1] [2] [3] [4] [5] [6] [7] have fewer well-differentiated tumors, [2] [3] [4] [5] [6] [7] [8] and have a higher frequency of more aggressive histologic subtypes. 3,6 -8 However, in multivariate analysis controlling for these factors, the survival disparity persists. [2] [3] [4] 7 Moreover, the disparity in stage and poorer subsequent survival for black women does not appear to be due to decreased access to health care or delays in seeking treatment after initial symptom recognition. 3, 8, 9 Two types of endometrial cancer have been proposed. Type I, or estrogen-dependent tumors, are more common and less aggressive. 10 -12 Type II, or estrogen-independent tumors, are relatively uncommon and appear to be more aggressive. 10 -12 Using this division, type II endometrial cancers and uterine sarcomas together form a subgroup of more aggressive uterine cancers. Recently, it has been suggested that black women may experience a higher frequency of more aggressive uterine cancers, and this would explain the more advanced stage and poorer prognosis. 3 However, much of the research regarding differences between black and white patients with this cancer has excluded sarcomas, and many of the study populations evaluated have been too small to assess carefully the racial differences among patients with uncommon type II histologic subtypes of disease. This study was undertaken to evaluate racial patterns for uterine cancer in relation to histologic subtype and stage at diagnosis. In this context, we have compared the incidence and mortality trends in the state of Michigan for black and white women with cancers of the corpus uteri diagnosed during the years 1985-1994.
METHODS

Study Population and Eligibility
The study population was obtained from the Michigan cancer incidence and all-cause mortality registries, collected by the Cancer Surveillance Program of the Michigan Department of Community Health. Eligibility for inclusion in the cancer incidence registry was limited to newly diagnosed invasive cancers with the "corpus uteri" topography described in the 1976 International Classification of Diseases for Oncology (ICD-0). 13 From the mortality registry, eligibility was limited to deaths of female residents of the state of Michigan, where cause was coded as "malignant neoplasm of the corpus uteri" (codes 182.0 -182.8) or "uterus, not otherwise specified" (code 179.0) using the International Classification of Diseases, 9th revision.
14 Since the 1980s, at least 75% of deaths from cancer with a topography coded as "uterus, not otherwise specified" have been subsequently confirmed on medical record review to have been caused by cancer of the uterine corpus. 15 Overall, the study population included 11,146 white, 879 black, and 54 women of other races from the cancer incidence registry and 1986 white, 324 black, and 15 women of other races from the mortality registry. To assess the racial associations of interest, both incidence and mortality data were selected to include only black or white cases.
Variables
Covariates from the incidence registry were race, year of diagnosis, histologic subtype, age group, and stage at diagnosis. Stage was classified as localized (confined to the organ of origin), regional (direct extension to adjacent organs or tissues or lymph node involvement), distant (spread to nonadjacent organs, distant metastasis, or involvement of distant lymph nodes), or unstaged. 16 In addition, stage was collapsed into two categories for fitting as a dichotomous outcome: advanced stage (regional or distant) and not advanced stage (localized). A derived variable was constructed for age, collapsing age into two groups: younger than 65 years and age 65 or older. The mean ages were calculated using the midpoint of each 5-year age group as each patient's age. Histologic subtype was classified using ICD-0, and derived variables were created that collapsed subtypes into the following categories: 17 1) adenocarcinoma, 2) adenoacanthoma, 3) adenosquamous carcinoma, 4) clear cell adenocarcinoma, 5) serous adenocarcinoma, 6) mucinous adenocarcinoma, 7) epithelial (undifferentiated) carcinoma, 8) squamous cell carcinoma, 9) all sarcomas, and 10) other histology. In addition, based on previous classifications of the aggressiveness of various histologic subtypes, 12,18 -20 categories were created for less aggressive adenocarcinomas (adenocarcinoma, mucinous adenocarcinoma, adenoacanthoma, and adenosquamous adenocarcinoma), more aggressive adenocarcinomas (clear cell adenocarcinoma, serous adenocarcinoma, squamous carcinoma, and undifferentiated carcinoma), sarcomas, and other histology. A second category for more aggressive adenocarcinomas was also created, with the subtype squamous carcinoma dropped. Our concern was that, because squamous carcinoma rarely occurs in its pure form, 20 the squamous category might be subject to a high level of misclassification due to either incomplete tumor sampling or the presence of a cervical primary.
From the mortality registry, the variables age at death and race were included. As with incidence data, age was divided into two groups: younger than 65 years and age 65 years or older.
Analysis/Statistical Methods
Cumulative incidence and mortality rates were calculated for 1985-1989 and 1990 -1994 , and for the 10-year period overall. For all rates, the denominator used was the Michigan female population at the midpoint of each time period (i.e., 1987 for the [1985] [1986] [1987] [1988] [1989] rates, 1992 for the 1990 -1994 rates, and 1990 for the overall rates [21] [22] [23] ). All rates were age-adjusted, using the direct method, to the 1970 U.S. population standard. 24 Because the state registry data accounted for 95% of all incident cancer cases and virtually all cancer deaths that occurred in the Michigan population between 1985 and 1994, confidence intervals (CIs) for rates and ratios were not required.
All analyses were performed using the SAS (Statistical Analysis Software) package (SAS Institute Inc., Cary, NC). Associations among race, age, histologic subtype, and stage were first assessed by univariate analysis using the Mantel-Haenszel chi-square test. Stratified analyses were then performed using the Mantel-Haenszel method, and the presence of interaction was assessed using the Breslow-Day test. Variables associated with stage in the univariate analysis were subsequently included in a logistic regression model to determine which factors were independent predictors of stage. The significance of each model was assessed with a likelihood ratio test. For odds ratios obtained from logistic regression, 95% confidence intervals were calculated. For Cochran-MantelHaenszel odds ratios, corresponding 95% test-based CIs were obtained. Differences between the mean ages for each histologic subtype, overall and according to race, were evaluated using nonparametric tests. Specifically, we used Wilcoxon's rank sum test to analyze ranks of data containing two levels and the KruskalWallis test to analyze ranks when more than two levels were present.
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RESULTS
Incidence and Mortality Rates
The overall 10-year age-adjusted incidence rate for cancer of the corpus uteri per 100,000 women was 21.99, and the overall age-adjusted mortality rate per 100,000 women was 3.82. The trends in incidence and mortality rates are summarized in Table 1 . Although the overall age-adjusted incidence rate was relatively stable between the two 5-year periods, the age-adjusted incidence rate per 100,000 increased for women age 65 years or older from 97.67 in 1985-1989 to 103.07 in 1990 -1994, due primarily to an increasing incidence for older white women. Incidence rates remained relatively stable for black women. In comparison to white women, black women had a 40% lower risk (rate ratio [RR] ϭ 0.60) of developing cancer of the corpus uteri.
Mortality rates per 100,000 improved for the most recent 5 years, where rates decreased for both age groups as well as for both race groups. For white women, the decrease held for both age groups, whereas for black women, only the older age group experienced a decrease. In Michigan, black women had 54% greater risk (RR ϭ 1.54) of dying, and this excess risk increased during the most recent 5 years (from 51% to 63%) due to an increase for younger black women.
The age specific incidence rates by race for Michigan compared with the U.S. SEER rates 1 are presented in Figure 1 . The age specific incidence patterns in Michigan during the years 1985-1994 tended to parallel those observed in the U.S. during 1988 -1992, and the age-adjusted incidence rate per 100,000 was 21.99 in Michigan compared with 21.3 for the entire U.S. Mortality rates in Michigan were also similar to those in the U.S.; the overall age-adjusted mortality rate per 100,000 in Michigan during the 10-year study period was 3.8, compared with 3.4 in the U.S. during the years 1988 -1992.
1 Age specific mortality rates for Michigan during the years 1985-1994 were compared with U.S. SEER age-specific mortality rates for 1988 -1992 (Fig.  2) . For each age specific group, the mortality rate in Michigan was higher than that in the U.S. for white women, especially for the older age groups. For black women, the mortality rate in Michigan was lower than that in the U.S., with the lower rates most pronounced in the older age groups.
Variables Associated with Prognosis
The distribution by age (age Ͻ65 years or Ն65 years) did not differ between black and white women ( Table  2) . The distribution by stage at diagnosis in Michigan was consistent with trends in the U.S.; black women, compared with white women, were diagnosed with more advanced stage disease. During the 10-year period, only 49.4% of black women were diagnosed with localized disease, compared with 68.5% of white women; and 17.6% of black women manifested distant disease at diagnosis, compared with only 6.5% of white women.
During the 10-year study period, the predominant histologic subtypes for all races were adenocarcinomas. Black women had relatively fewer adenocarcinomas than white women (62.6% vs. 80.4%). In addition, black women had fewer of the histologic variants of adenocarcinoma known to be associated with a favor-able prognosis, including adenoacanthoma (0.7% vs. 3.0%) and mucinous adenocarcinoma (0.2% vs. 1.0%). Black women had a greater proportion of adenocarcinoma subtypes known to be associated with an unfavorable prognosis, including clear cell (3.7% vs. 1.3%) and serous (3.3% vs. 1.2%). Black women also had a higher proportion of sarcomas than white women (18.0% vs. 5.6%).
The mean age at diagnosis was significantly different across each of the four broad histologic subtypes (Kruskal-Wallis chi-square ϭ 105.61, degrees of freedom [df] ϭ 3, P ϭ 0.0001). Moreover, women with more aggressive histologic subtypes were older than women with less aggressive histologic subtypes (Wilcoxon two-sample normal approximation z-statistic standard score ϭ 9.67, P ϭ 0.0001). However, the mean age at diagnosis by histologic subtype between races did not differ, and an evaluation of the mean age at diagnosis for each particular histologic subtype demonstrated no differences between black and white women for any of the subtypes (Wilcoxon two-sample rank sum tests, P values ranged from 0.12 to 0.69).
Overall, more aggressive histologic subtypes were associated with more advanced stages. Most notable, however, was the pattern for black women. With the exception of mucinous adenocarcinoma, the trend was for black women to have more advanced stage disease within each histologic subtype. However, because of the small numbers of black women in several of these subgroups, only three of these trends reached statistical significance (adenocarcinoma, P ϭ 0.001; adenosquamous carcinoma, P Ͻ 0.05; sarcoma, P Ͻ 0.05).
Mantel-Haenszel chi-square tests conducted to evaluate associations between race and the prognostic factors confirmed the trends presented in Table 2 . Age at diagnosis did not differ between black and white women. However, compared with white women, black women were two and one-half times more likely to present with advanced stage disease, two and one-half times more likely to present with more aggressive adenocarcinomas, and three and one-half times more likely to present with sarcomas (Table 3) . When the analysis was repeated with the subtype of squamous carcinoma dropped from the category of more aggressive adenocarcinomas, the results were virtually identical. Black women were still two and one-half times more likely to present with more aggressive adenocarcinomas (odds ratio [OR] ϭ 2.55, 95% CI ϭ 2.08-3.12).
Age-adjusted incidence rates per 100,000 were calculated to compare absolute numbers of histologic subtypes occurring in black and white women. The incidence rate per 100,000 of less aggressive adenocarcinomas was 20.52 for white women and 9.39 for black women (black:white [B:W] RR ϭ 0.46). For more aggressive adenocarcinomas, the rate per 100,000 was 1.29 for white women and 1.84 for black women (B:W RR ϭ 1.43); for sarcomas, the rate per 100,000 was 1.28 for white women and 2.48 for black women (B:W RR ϭ 1.94); and for other subtypes, the rate per 100,000 was To compare absolute numbers of stage at diagnosis (advanced vs. localized) for black and white women, age-adjusted incidence rates per 100,000 were calculated. For localized stage disease, the rate per 100,000 was 16.16 for white women and 6.90 for black women (B:W RRϭ0.43). For advanced stage disease, the rate per 100,000 was 4.46 for white women and 5.60 for black women (B:W RR ϭ 1.26).
Age at diagnosis and histologic subtype were both associated with stage at diagnosis. Older women were more likely to present with advanced stage disease (chi-square ϭ 80.64, df ϭ 1, P ϭ 0.001). Women with more aggressive adenocarcinomas, sarcomas, and histologic subtypes classified as "other" were more likely to present with advanced stage disease (chi-square ϭ 348.98, df ϭ 1, P ϭ 0.001) than women with less aggressive adenocarcinomas. A significant interaction between race and a combined variable for all histologic subtypes representing more aggressive tumors was found that modified the association between histologic subtype and advanced stage (Breslow-Day chisquare ϭ 5.23, df ϭ 1, P ϭ 0.02). After a separate assessment of each subtype for any interaction with race, a borderline significant interaction was found between more aggressive adenocarcinomas and race (Breslow-Day chi-square ϭ 3.375, df ϭ 1, P ϭ 0.07). Specifically, the risk of advanced stage disease, given a histologic subtype of more aggressive adenocarcinomas compared with less aggressive adenocarcinomas, was greater for white women (OR ϭ 3.42, P Ͻ 0.001) than for black women (OR ϭ 2.22, P Ͻ 0.001). Conversely, advanced stages were exhibited more frequently for black women with less aggressive adenocarcinomas.
The logistic regression modeling strategy involved several steps (Table 4 ). The crude association was first estimated, then other prognostic factors found to be associated with advanced stage in univariate analyses were added to evaluate whether the crude association changed. When both age and histologic subtype were added simultaneously, the risk of advanced stage for black women decreased (OR ϭ 2.37, P Ͻ 0.0001); and based upon the likelihood ratio (LR) test, this was the best model. Although the model that included race, age, histologic subtype, and the interaction between race and histologic subtype was not statistically superior to the model without the interaction term based on the likelihood ratio test (LR ϭ 4.52, df ϭ 3, P Ͼ 0.10), the magnitude of the OR changed significantly when the interaction term was included. Therefore, the final accepted model was the one that adjusted for age, histologic subtype, and the interaction between race and histologic subtype, where black women had a risk of presenting with advanced stage disease that was over two and one-half times the risk for white women (OR ϭ 2.63, 95% CI ϭ 2.19 -3.16). Results were identical when the subtype squamous carcinoma was dropped from the "more aggressive adenocarcinomas" category and the final model was run again (OR ϭ 2.67).
DISCUSSION
U.S. SEER data has demonstrated that cancer of the corpus uteri occurs more commonly among white women, yet 5-year relative survival within each stage of disease is poorer and age-adjusted mortality is higher for black women.
1 Several clinic-based 2,5 and population-based 4,7 studies of incident cases from the 1970s and 1980s have documented a lower survival rate for black women with cancer of the corpus uteri. To explore whether black-white patterns for incidence and mortality from cancer of the corpus uteri were changing, we compared incidence and mortality in the 1990s with incidence and mortality in the 1980s. In the 1990s, incidence for white women, especially those age 65 years or older, increased by 6.2%. Overall mortality rates decreased slightly for both races, although mortality rates for black women younger than 65 years did not change. This represents a reversal of the trends from the 1970s and 1980s. Specifically, U.S. SEER data collected between 1973 and 1987 for cancer of the corpus uteri demonstrated stable incidence for black women but a decrease in incidence for white women from 30.8 to 23.0 per 100,000. 26 Moreover, from the 1970s to the 1980s, U.S. SEER data demonstrated consistent decreases in age-specific mortality rates from cancer of the corpus uteri for black and white women. 1 The recent shift in incidence and mortality trends, in which incidence has increased proportionately more for white women but mortality has decreased proportionately less for black women, may be due to differences in the distribution of several factors that may affect risk, including socioeconomic status and cultural factors associated with access to and quality of preventive practices and medical care, as well as life-style risk factors. 27 The increase in the incidence rate from 100.76 during the years 1985-1989 to 107.01 during the years 1990 -1994 for white women age 65 years or older was probably not due solely to increased exposure to unopposed estrogen-replacement therapy (ERT). 28 A conclusion of the Postmenopausal Estrogen/Progestin Interventions (PEPI) Trial was that physicians should give serious consideration to the addition of progestin when administering ERT to postmenopausal women with an intact uterus; 29 in addition, it has been noted that progestins are now generally added to estrogen regimens given to women (without prior hysterectomy) to reduce the risk of endometrial cancer associated with unopposed estrogen therapy. 28 However, the increase in incidence warrants increased clinical surveillance of older high risk white women to identify uterine cancers at the earliest stage possible.
Like the authors of other reports, 28,30 -32 we observed an association between older age at diagnosis and the incidence and percentage frequency of more aggressive histologic subtypes, including clear cell adenocarcinoma, serous adenocarcinoma, and undifferentiated carcinoma. The increase in more aggressive histologic subtypes occurring in older women may be accompanied by the accumulation of genetic mutations that are expressed in estrogen-independent tumor progression. For example, p53 abnormalities have been demonstrated in 86% of serous adenocarcinomas, compared with only 20% of endometrioid adenocarcinomas. 10 For other aggressive histologic subtypes, consistent molecular genetic and epigenetic alterations have yet to be identified. There were no differences between blacks and whites in mean age at diagnosis, either within each histologic subtype or across subtypes. Our results were consistent with data for the U.S., 1 in that stage was more advanced for black women. Black women also had higher proportions of more aggressive histologic subtypes, including clear cell adenocarcinomas, serous adenocarcinomas, and sarcomas, and their risk of presenting with more aggressive histologic subtypes was between two and one-half to three and one-half times greater. Like the authors of a recent, similar study, 33 we observed that the incidence rate per 100,000 of the relatively infrequent but more aggressive subtypes of endometrial carcinoma was similar between black (1.84) and white (1.29) women, and that the 40% decrease in age-adjusted incidence among black women was due to a lower absolute risk of 11 cases per 100,000 for less aggressive histologic subtypes.
In our multivariate model, black women still had a risk of advanced stage disease two and one-half times greater than that of white women. A notable finding was that black women were more likely to have more advanced stage disease within each histologic subtype; this brings into question the inference that the increased frequency of advanced stage disease in black women is primarily a consequence of experiencing more aggressive histologic subtypes. Moreover, we observed a difference in the incidence rate per 100,000 of advanced stage disease at diagnosis between black (5.60) and white (4.46) women, likewise suggesting a higher absolute risk of advanced stage disease for black women.
Because of our concern that sarcomas may have a different association with to stage at diagnosis than endometrial carcinomas, we repeated the multivariate analysis and excluded women with sarcomas. The results were completely identical in terms of our analytic predictive Model 5 (OR 2.63, P Ͻ 0.0001, LR statistic 10293.180, df ϭ 6), and the only noteworthy difference was for Model 4 (race, age, and histology), where the risk of advanced stage for black women compared with white women increased from 2.37 to 2.47 when sarcomas were excluded.
Although this study was able to assess several prognostic factors for cancer of the corpus uteri and the differences in these factors between black and white women, there were some limitations. In calculating incidence rates, the denominator should only include the population at risk. Because the rate of hysterectomy has been shown to be as high as 35% for women age 60 or older, 34 including all of the female population in Michigan in the denominator resulted in underestimation of the incidence rates. However, SEER incidence rates were also based on the entire female population in specific regions of the U.S.
The structure and content of the registry data also imposed limitations. One significant limitation was the inability to link cancer incidence with all-cause mortality, making it impossible to evaluate the prognostic effect of stage at diagnosis or histologic subtype on racial differences in mortality. In addition, tumor grade was not included in the registry data, eliminating our ability to include this important prognostic variable in our analyses. However, we likely would have found tumor grade to be highly correlated with our category of more aggressive adenocarcinomas. This category was comprised of clear cell, serous, and undifferentiated carcinomas; these are typically high grade lesions 19, 33, 35 for which grading is based on nuclear grade rather than architectural grade, and they are, in fact, frequently ungraded. 31, 36 This study also had several strengths. The sample size was large, allowing for adequate stratification of the data without compromising the total numbers of cases in each subdivision. In addition, because the data were obtained from a large population-based registry, which contained information on all incident cases of cancer of the corpus uteri and all deaths attributed to cancer of the corpus uteri in the state of Michigan, it should be possible to apply the results generally to other U.S. states that have similar sociodemographic distributions.
We were able to conduct a comprehensive evaluation of black-white differences by histologic subtype in the context of evaluating differences in stage between black and white women. We demonstrated that, although black women experienced a greater frequency of adverse histopathologic features, including sarcomas, these more aggressive forms of cancer of the corpus uteri accounted for only 10% of the excess risk for advanced stage disease at diagnosis for black women (using the formula Ά RR unadjusted Ϫ RR adjusted · / Ά RR unadjusted Ϫ 1.0 · 37 ). In fact, the interaction term demonstrated that histologic subtype was more predictive of advanced stage disease for white women than it was for black women. This suggests that there are other important determinants of stage for black women. The intuitive hypothesis for explaining these differences is that black women may have less access to care on symptom recognition or may delay seeking treatment after the onset of symptoms. However, studies conducted to evaluate delay in seeking treatment have not found significant differences between black and white women. 3, 8, 9 Perhaps other correlates or predictors of advanced stage or of mortality among black women should be explored, such as the molecular determinants of multistep progression of the cancer; life-style and psychosocial risk factors, including comorbidity at the time of diagnosis; and barriers to access and utilization of optimal health care.
